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© Ink jet recording apparatus. 

fk o^lT^n C T' ng 3PParatUS Comprises an ink ' et head 00) n^ing for each of one or more nozzles (4) an 
2»^nm %?' ] T ' 0mmun,cation with ^zzle (4) and an electrostatic actuator. The actuator Indudes^ 
SSZ 2 T ^ <6) ° f th9 lnk paSSa9e * a 0022,9 e,ectrod * (2D Prided in^Sto^I 

2ft Tmed T^Z^ " "TTZ 3 Vibratl ° n Chamber (9) ha ™* ^ ^er waK wWch one 
wall is formed by one part of said diaphragm (5), while said nozzle electrode is attached to the other wall The 

^S^TJT^ on r nd the nozz,e e,ectrode (21) the other D,ate * * -p-a- 

SUCh 38 t0 diSP ' aCe ltS diaphra9m (5) by elec trostatic force, thereby to Z 
nk droplets from said one or more nozzles. Vibration chamber (9) is sealed to be airtight Its volume V is such 

^8^1.122 thlS , VO, T e , V 3nd V ° ,Ume AV dlSplaC6d b * the *Pt»»" inTrii^I 
^tltt^e ff,C,ent e,8CtroStatlc attraction * — actuator and without necessity to increase 
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canyon !£tMr^5£ SEES'* 0 "* "« * * 3 " — 

re^n-Ifl^ 9 apparatus havin 9 30 ink j et head for ejecting ink droplets towards a recording medium in 

EZZZ?, T h :z ft are r e,, . known 3,111 common,y used - ^ head J« 

ZJ?Z<T 9 - eaC t h a,ectr,C dnve pulse into a pressure P"'se whereby an ink droplet is ejected from a 
f ? kM h6adS in Whi ° h *" f ° rCe ° f e,ectroste «c traction is used for the acTtor 

fZ' torexample. JP-A-289351/1990. EP-A-0 580 283 and in EP-A-0 634 272, EP-A-0 629 502 
Z J n 6 f 503 . (the latt6r thr6e documents fo rming Prior art according to Art. 54(3 EPC^An inkS 

or each S2Ti2 *" T C ° mPriSeS ? 9 " m ° W n0Z2,SS ' 3 ^ive ink passage continued to he 
or each nozzle, a diaphragm forming one plate of a capacitor and provided at one part of the or each ink 
passage, and a nozzle electrode located opposite to the diaphragm with an air gap in be^een The n^e 
electrode forms the other plate of the capacitor. An electrical pulse is applied be£een the dTaphraom Tnd 

JSS.'S? t0 de,0rm *• diaPhr39m ^ m6anS ° f e ' eCtr0St3tiC ^ «>^™^oZ 

nozzrPl^HL"^ 63 ^ the aCtU3t0r C0nt3inS 3 V,brati ° n Cnamber formed between t"e diaphragm and 
nozzle electrode. When the v.bration chamber is exposed to the open air, dust and other airborne 

EpTo So^STSf oLT* aCtUa k' 8 Vibr3ti0n Ch3mber Wh6n thS diaphra ^ is As discfoSd in 

sealed T AtLJ ^ 1 56 COrreCted by Sea " n9 the actuator - Howevsr ' "hen th * ^uator is 
,„ hS! ! 6d ' n$,de *" v,bration chamber adds distance to the electrostatic attraction of the 

2r.S TV*"? S f Ci6nt electrostatic attrac « 0 " ^ norma, operation. When ^e £ctroL«c 
attrarton of the vibration chamber decreases, insufficient pressure is generated to adequately eject ink and 
print qualrty and reliability drop significantly. The decrease of electrostatic attraction can be compensated 

00 V S^rhl 8 ^" ? 396 3PP !! ed t0 ^ 3CtU3t0r - EP - A -° 580 283 discloses a drive vo,fage P o, 70 to 
100 V. Such high drive voltage is undesirable, however 

25 s^^lZ^Jl^- Pr6Sent inV6nti0n iS *° pr ° Vide 30 inkjet head wherebv suf fic'ent electro- 
static attraction can be obtained even w.th a sealed actuator and with a drive voltage no higher than about 

This object is achieved with an inkjet recording apparatus as claimed in claim 1 
Preferred embodiments of the invention are subject-matter of the dependent claims 
in an inkjet head of the present invention the vibration chamber in the actuator is an airtight structure 
thereby elimmating the possibility of foreign matter such as airborne particulate bei™ attracted to^nd 
penetrating the vibration chamber when the diaphragm vibrates attracted to and 

suffiSnt^yr^ l° Und ° Ut th8t Pr3Ctice ' the pressure increase inside tha Vibration chamber is 
^"2 ,0 Z T t0 Prevant distortion of the diaphragm by electrostatic attraction, when the volume V of 
the sealed vibration chamber (hereinafter referred to as "actuator volume") is two or more times create 
ban the vo.ume AV displaced by that diaphragm distortion that is necessary to ensure Sao.eTnk Son 
(hereinafter referred to as "displacement volume"). Thus, according to the present invention suiic ent 
diaphragm distortion can be obtained without requiring an undesirably high drive voltage 

ha J?n nM Per "T" *° r th8 rati ° WAV iS determined s "<* as to avoid an unnecessary increase of the inkjet 
head to obtain a h.gh wafer yield (the number of heads made from one wafer) on the other hand 
a ™L£°« »° minimize the volume of the vibration chamber itself when a volume provided for 
co^S a ! n9 t a r™ 9 ,, ' T ! 8mber connectin 9 ^ nozzle electrode to a terminal member is made to 

SulrT? k V ' brati0n Ch3mber and " thuS> adds to the actuat0 ^ volume, in this way a suitable 

actuator volume can be obtained without requiring enlargement of the inkjet head 

oas ?r^ n LTn d th a ft C ^ ,0r t deteri0 K H ° n d °! t0 SP3rWn9 Ca " 136 Pr6Vented bv sea,in 9 30 inert 8». "*°9en 
gas, or dry air in the actuator or vibration chamber. 

rsfJ^ ZZT ""I" be t deSCribed iR m ° re detail b9,OW with reference t0 drawi "9S which illustrate a 
referred embodiments only and in which: 

Fig. 1 is a partially exploded view of an inkjet head according to a preferred embodiment of the 

50 present invention; 

Fig. 2 is an enlarged view of portion A in Fig. 1; 

Fig. 3 is a lateral cross section of a complete assembled inkjet head according to the preferred 

8 od,ment of tne P re sent invention; 

Fig. 4 is a persp ctive view of th assembl d inkjet head; 

55 Fig. 5 is a plan view taken along line A-A in Fig. 3; and 

Fig. 6 is used to describe th operation of the diaphragm. 

ei C t T d e f^ b0 n^ m ? nt ° f th !T nti0n described be,ow is « inkjet head wherein ink dropl ts are 

ej ct d from nozzles provided at the edge of a substrate. It is to be not d that the invention may also be 
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applied to a face type inkjet head wherein th ink is ejected from nozzles provided on the top surfac of the 
substrate. 

The inkjet head 10 of this embodiment is made up of three substrates 1, 2, 3 one stacked upon the 
other and structured as described in detail below. A first substrate 1 is sandwiched between second and 

5 third substrates 2 and 3, and is made from a silicon wafer. Multiple nozzles 4 are formed between the first 
and the third substrate by means of corresponding nozzle grooves 11 provided in the top surface of the first 
substrate 1 such as to extend substantially in parallel at equal intervals from one edge of the substrate. The 
end of each nozzle groove opposite said one edge opens into a respective recess 12. Each recess in turn is 
connected via a respective narrow groove 13 to a recess 14. In the assembled state the recess 14 

10 constitutes a common ink cavity 8 communicating with the nozzles 4 via orifices 7 formed by the narrow 
grooves 13 and ejection chambers 6 formed by the recesses 12. As shown in Figs. 1 and 3, recess 14 has 
an ink supply opening at the rear side (side remote from the nozzles). The bottom of each ejection chamber 
6 comprises a diaphragm 5 formed integrally with the substrate 1. As will be understood, the grooves and 
recesses referred to above can be easily and precisely formed by photolithographic etching of the 

75 semiconductor substrate. Note that diaphragms 5 are formed by first doping substrate 1 with boron to 
provide for etch stopping followed by etching to form the diaphragms with a thin, uniform thickness. 

Electrostatic actuators each comprising a diaphragm and an associated nozzle electrode are formed 
between the first and the second substrate. A common electrode 17 of the actuators is provided on the first 
substrate 1 . The magnitude of the work function of the semiconductor forming the first substrate 1 and the 

20 metal used for the common electrode 17 are important factors determining the effect of electrode 17 on first 
substrate 1 . The semiconductor material used in this embodiment has a resistivity of 8 - 12 ncm, and the 
common electrode 17 has in fact a two-layer structure made from platinum on a titanium base layer or gold 
on a chrome base layer. The base layer is provided mainly to improve the bonding strength between the 
substrate and the electrode. The present invention shall not be so limited, however, and various other 

25 material combinations may be used according to the characteristics of the semiconductor and electrode 
materials. 

As shown in Fig. 2, a thin oxide film 24, approximately 1 urn thick, is formed on the entire surface of 
first substrate 1 except for the common electrode 17. This creates an insulation layer for preventing 
dielectric breakdown and shorting during inkjet head drive. 

30 Borosilicate glass is used for the second substrate 2 bonded to the bottom surface of first substrate 1 . 
A recess 15 for accommodating a respective nozzle electrode 21 is formed in the top of second substrate 2 
below each diaphragm 5. When the second substrate 2 is bonded to the first substrate 1 vibration 
chambers 9 are formed at the positions of recesses 1 5 between each diaphragm 5 and the opposing nozzle 
electrode 21. A long, thin support member 35 is located in the middle of each recess 15. The purpose of 

35 the support member 35 is to provide for an additional support in case of very thin diapragms. Support 
members 35 are not required if sufficient rigidity (resilience) for ink ejection is obtained by forming 
diaphragm 5 with sufficient thickness. The height of the support members 35 may correspond to or be less 
the depth of the recesses. 

In this embodiment, recesses 15 formed in the top surface of the second substrate 2 provide for gaps 

40 between the diaphragms and the respective electrodes 21. The length G (see Fig. 3; hereinafter the "gap 
length") of each gap is equal to the difference between the depth of recess 15 and the thickness of the 
electrode 21. It is to be noted that this recess can alternatively be formed in the bottom surface of the first 
substrate 1. In this preferred embodiment, the depth of recess 15 is 0.3 urn, and the pitch and width of 
nozzle grooves 1 1 are 0.2 mm and 80 urn, respectively. 

45 As shown in Fig. 1, the wiring formed in the top surface of second substrate 2 comprises the nozzle 
electrodes 21 and lead members 22 connecting each nozzle electrode to a respective terminal member 23. 
As shown, the lead members are located in grooves 22a connecting to the recesses 15. The terminal 
members 23 are located in a corresponding recess formed at one edge of second substrate 2. All recesses 
and grooves accommodating this wiring are preferably formed with the same depth although this may not 

so always be necessary. The wiring (nozzle electrodes 21, lead members 22 and terminal members 23) is 
formed by sputtering gold onto the second substrate 2 to a thickness of 0.1 urn. Nozzle electrodes 21 are 
formed at positions and with shapes respectively matching diaphragms 5. ITO or another conductive oxide 
film material may be used in place of gold in the formation of the electrodes 21, their lead members 22 and 
terminal members 23. 

55 Borosilicat glass is also used for the third substrate 3. Nozzl s 4, ejection chambers 6, orifices 7, and 
ink cavity 8 are formed by bonding third substrate 3 to the top surface of first substrate 1. Support member 
36 in ink cavity 8 adds reinforcement to prevent collapsing recess 14 when first substrat 1 and third 
substrate 3 ar bonded together. 
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«™J^h !A and SeC ° nd substrate 2 are anodically bonded at 270 - 400- C by applying a 500 - 

T' . 8 ?^ ! UbStr3te 1 and <hird SUbStrate 3 ^ *"» bonded under »e same conditions to 

SUSJL? h J . 88 Sh0Wn in RS - 3> After an0diC bondin 9' 1,16 9 a P ,en 9 th G fo '™ d between 
diaphragm 5 and nozzle electrode 21 on second substrate 2 is 0.2 um in this embodiment. 

circu^S Tm et h h !! d iS thUS assemb,ed ' drive circuit 102 * connected by connecting flexible printed 
circurt (FPC) 101 between common electrode 17 and terminal members 23 of nozzle electrodes 21 as 

eSodes \ 9 7 md™3 4 ' A " aniSOtr ° piC conductive film ^ ^ed in this embodiment to bond leads 101 with 
In the preferred embodiment, nitrogen gas is injected into vibration chambers 9, which are then sealed 
fhl^H- 9 a 7T' atin9 f ea,in 9 a 9 ent 30 - V > br *™ chamber. 9 are sealed near terminal members 23 in 
this embodiment, thus enclosing vibration chamber 9 and the volume of the lead member grooves within 
the "volume of the actuator" (this is described in greater detail below) 

„ JEnT^ tUb9 J J ? T d , SUPP ' y V6SSel 32 arS fit externa "y to th ° back of the Inkjet head. Ink 103 is 
supphed from an ,nk tank (not shown in the figures) into first substrate 1 via ink supply tube 33, vessel 32 

T£2l '1 SU k P V «^ mn9 3t ^ ° f ink cav » ty 8 10 fi " ink 8 and ejection chambers 6. The ink in 
whfn LtT b ^ n 6bacomes «* dra P«*s 104 ejected from nozzles 4 and printed to recording paper 105 
when inkjet head 10 is driven as shown in Fig. 3. 

«tJi e «T eSent '"xf^^ iS characteri2ed b y *us sealing vibration chambers 9 within the actuator, and 
setting the volume V of the actuator such that the ratio between the actuator volume V and the volume AV 
displaced by a distortion of diaphragm 5 is within the "range 2 s V/AV s 8. 
Fig. 6 is used to describe the operation of diaphragm 5. 

riin n^™% driVe r" 39 , 6 ' S ! PP,i8d t0 a " aCtUat0r ' the capacitor ^P^ing the nozzle electrode 21 and 
SZSTJ l S Cha !? ed L^ d . the d ^phragm 5 is attracted to electrode 21 by electrostatic force and 

tTTrT TT ?' 6 : Th o d6f,eCti0n inCreaS6S thS VO,Ume 0f e ' ection chamb9 ' 6 and reduces the 
IhlTL 1 * 9 by 016 dis P ,acement v °'"™ AV. The reduced volume of the vibration 

f^LT SBS o Pre r ,re I° in Vibrati ° n Chamb6r 10 increase b V a P ressure '"crement AP to an 
increased pressure P,. When the drive voltage is removed and the capacitor is discharged diaphragm 5 

TZll° m 1 TV ^il^ 6 . diaphra9m 5 6lectrode 21 are in P— W> * a short time and part 0 9 f me 

2£ TcZl * r '\T Zed *T eieCti0a Whi ' e ^ dist0r1i0n of *• dia P hra 9" * res P°"se to the 
drive voltage is a function of time, unless otherwise specified. AV and AP as used in this specification refer 
to the respective maximum values, i.e. those immediately prior to removal of the drive voltage 

nro U 7H S ow'l be « PPreC J a i ed ' H9 - 6 ShOWS case w, ' thout su PP° rt member. When support members 35 are 
provided Fig 6 could be regarded as showing only one half of the arrangement (w/2 instead of w) ie 
between one lateral egde of the diapragm and the support member 35, the other half between the support 
membe and the other lateral edge being symmetrical. While the following discussion is based on the 
Sfns Ts^irt membere POrt memberS ^ employed il a PP |ies in substantially the same way to the case of 
As mentioned before, the lower limit for the ratio V/AV ensures that the pressure increment AP in the 

^hnwnTn r m f S " ffi ? en,ly ^ ^ reaSOn «" Upper limit ° f WAV is bribed below. The values 
shown in Table 1 are the design values for inkjet heads of various printing resolutions 

«, k!" J 3b J. e 1 1 ead tyPeS (1) 3nd (2) are ed9e ejection ^P 8 in kjet hea ds using a (100) face silicon 

323? T ,° ""I !T bStrate 1 - h6ad the aCtuator vo,ume includes *■ volume of vibration 

chamber 9 only and does not include any volume related to the wiring (lead members and terminal 

ETS? C ° n, !f^ ed l Z ? e,ectrode - ln head ^P 6 < 2 >- *e actuator is sealed near the electrode terminals 

2H?o /"? ?! aCtUat ° r VO ' Ume inC ' UdeS the VOlume of ,he cavit y ,ormed b y the lead ^mber 

groove 22a (wh.ch functions as "dummy volume" to increase the actuator volume) in addition to the volume 

Z l J C , hamber 9 ' tneret, y reduci "9 »» pressure increment AP in the vibration chamber associated 
with the displacement volume AV. Head types (3). (4). and (5) are face ejection type inkjet heads using a 
(110) face silicon substrate for the first substrate 1 with the actuator volume similarly maximized by using 
^e dummy volume inside the limited head size. Each of head types (1) - (5) functions sufficiently as an 
inKjet head, and is designed so as to maximize the yield from each wafer 

In the case of head type (1). for example, the V/AV ratio is 2.31. and the increased pressure P, in the 

21 , V 77 k9f/Cm2 073 X 1 °* Pa) - lf 3 dumm y volume is provided * this type of head 

without changmg the head siz . the V/AV ratio incr ases to 4.69 and the increased pressure P, drops 
approx.mat ly 30% to 1 .27 kgf/cm* (12.4 x 10* Pa) as shown in the type (2) head 

♦h« hJ 3 S H n0t POSS . ible to ^ rther reduce '"creased pressure P, in the vibration chamber without incr asing 
the head siz . This would decrease the yield per wafer and increase unit cost 
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When the resolution is incr ased, i.e., the nozzles are arranged closer together, the displacement 
volume AV decreases, because the volume of each ink droplet ejected Is smaller than In case of a low 
resolution head. 

Furthermore, the more nozzles the head has, the larger the dummy volume becomes, and the V/AV 
ratio is therefore increased, because the area of the lead members 22 relative to the total head area 
increases. 

For example, the area occupied by diaphragms is approximately 40% of the total area of head chip in 
the case of head types (1) and (2), but is approximately 25% in head types (3), (4), and (5). The ratio V/AV 
is £ 8 when the greatest possible dummy volume is used in these high resolution inkjet heads without 
sacrificing yield per wafer or inkjet head functionality. 

It is not possible to obtain a V/AV ratio greater than 8 without increasing the head size, which would 
reduce the yield per wafer and increase unit cost Furthermore, the reduction in pressure increment AP in 
the vibration chamber obtained with V/AV £ 8 is sufficient, and a further increase in the V/AV ratio does not 
provide a significant further reduction of the pressure increment: for example, the increased pressure Pi 
declines from 1.15 kgf/cm 2 (11.3 x 10* Pa) to only about 1 kgf/cm 2 (9.8 x 10* Pa). Therefore, the rational 
range for the V/AV ratio considering inkjet heads of various resolutions is 2 £ V/AV $ 8. 

It should be further noted that while the present embodiment described above is sealed with nitrogen 
gas inside, the sealed gas of the invention shall not be so limited, and may alternatively be any (a) inert gas 
(e.g., He, Ne), (b) nitrogen gas, or (c) dry air that is chemically stable and will not chemically react when the 
inkjet head is driven (during electrical discharge), causing the gas properties to change and corroding or 
damaging diaphragm 5 or individual electrode 21. The preferred order of selection for these sealed gases is 
(a), (b), and (c) considering these performance requirements, but is (c), (b), (a) considering cost. It therefore 
follows that (b), nitrogen gas, is the preferred selection overall with respect to both performance and cost 
considerations. These sealed gases also prevent sparking inside vibration chamber 9, and yield stable 
operation. 

In order that all actuators of a multi-nozzle inkjet head have the same characteristic it is preferable that 
the respective actuator volumes are equalized. As will be understood from Fig. 1, while the volume of the 
vibration chambers can easily be made equal among all actuators, the individual lead members 22 have 
different lenghts. Therefore, when the dummy volume provided by grooves 22a accommodating the lead 
members 22 is included within the total actuator volume, these grooves should preferably be dimensioned 
such that despite their different lengths each provides the same dummy volume. 
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55 Claims 



An ink] t r cording apparatus comprising; 

an Inkjet head (10) having for ach of one or more nozzles (4), 
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an ink passage (7, 6) in communication with the nozzle (4), and 

an I ctrostatic actuator comprising a diaphragm (5) provided at one part (6) of th ink passag , a 
nozzle electrode (21) provided in opposition to the diaphragm (5) with a gap (G) in between, said 
diaphragm constituting one and the nozzle electrode (21) the other plate of a capacitor, and a vibration 
5 chamber (9) having upper and lower walls of which one wall is formed by said diaphragm (5), while said 

nozzle electrode is attached to the other wail, and 

drive means (102) for selectively charging and discharging each actuator such as to displace its 
diaphragm (5) by electrostatic force, thereby to eject ink droplets from said one or more nozzles, 

wherein said vibration chamber (9) is sealed to be airtight with a volume V such that the ratio 
io between the volume V and the volume AV displaced by the diaphragm when the displacement of the 
diaphragm has its maximum is within the range 2 £ V/AV £ 8. 

2. The apparatus according to claim 1 , wherein said volume V includes a volume formed by a cavity (22a) 
accommodating a wiring member (22) connected to the electrode (21). 



75 



The apparatus according to claim 1 or 2 comprising multiple nozzles wherein each of the actuators has 
substantially the same volume V. 

4. The apparatus according to claim 1, 2 or 3, wherein the vibration chamber (9) or the vibration chamber 
20 (9) and the said cavity (22a) for accommodating the lead member (22), respectively, are filled with an 
inert gas, nitrogen gas, or dry air. 
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FIG. 2 
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(54) Ink Jet recording apparatus 

(57) An inkjet recording apparatus comprises an 
inkjet head (10) having for each of one or more nozzles 

(4) an ink passage (7, 6) in communication with the noz- 
zle (4) and an electrostatic actuator. The actuator 
includes a diaphragm (5) provided at one part (6) of the 
ink passage, a nozzle electrode (21) provided in opposi- 
tion to the diaphragm (5) with a gap (G) in between and 
a vibration chamber (9) having upper and lower walls of 
which one wall is formed by one part of said diaphragm 

(5) . while said nozzle electrode is attached to the other 
wall. The diaphragm constitutes one and the nozzle 
electrode (21) the other plate of a capacitor. Drive 
means selectively charge and discharge each actuator 
such as to displace its diaphragm (5) by electrostatic 
force, thereby to eject ink droplets from said one or 
more nozzles. Vibration chamber (9) is sealed to be air- 
tight. Its volume V is such that the ratio between this vol- 
ume V and the volume AV displaced by the diaphragm 
is within the range 2 s V/AV s 8 . This enables suffi- 
cient electrostatic attraction with a sealed actuator and 
without necessity to increase the drive voltage. 
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